SLAKE DURABILITY

Changes in rock properties due to processes of chemical and
mechanical breakdown (eg. exfoliation, hydration, solution,
oxidation, abrasion etc.) can be very important in engineering
applications. A good index test of rock degradability is the Slake
Durability Index.

SLAKE DURABILITY APPARATUS
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SLAKE DURABILITY SLAKE DURABILITY
Method CLASSIFICATION

1. Sample consisting of 10 spheroidal lumps each approx 50g
is placed in the drum and weighed.

2. Drum is placed in trough filled with water at 20°C to a

level just below drum axis and rotated at 20rpm for 10

minutes.

Drum is removed and material retained dried at 105°C

4. Cycle is repeated and the dried material retained after 2
cycles weighed.

w

SLAKE DURABILITY = Weight retained 2 cycles
INDEX Initial weight

DURABILITY Cycle 1 (% retained) Cycle 2. (% retained
Very High >99 >98

High 98-99 95-98
Medium-High 95-98 85-95

Medium 85-95 60-85

Low 60-85 30-60

Very Low <60 <30




SWELLING PRESSURE AND STRAIN

The Swelling pressure index is a measure of the pressure necessary to
constrain at constant volume, an undisturbed rock specimen immersed in
water. The apparatus used is similar to a soil consolidometer.

Swelling Pressure =F/A F = Max axial swelling Force
Index, I, A = Cross sectional area of specimen.

The Swelling strain index is a measure of the axial swelling strain

developed when a radially confined undisturbed rock specimen is
immersed in water.

Swelling Strain = d/L *100% d = Max swelling displacement

Index, I L = Initial height of specimen
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STRAIN MEASUREMENT

ELASTIC MODULI

Tangent modulus, E,

’ E=g
€

Strain, &

Volumetric Strain

For strains of several % of the volume change per unit volume,
then the volumetric strain, AV/V is given by :-

AV
= G 28, =&t t+e

As from &, =—VE, . =-VE
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then &, = &, = -ve, and
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BRASILIAN DISC

BRAZILIAN INDIRECT TENSILE TEST

« Core Disks usually have thickness (t): diameter (d) ratios of 0.5 - 0.25

« ends parallel and normal to the cylinder axis

« grinding ends for smoothness and flatness is not needed

« Arcuate platens are used to minimise crushing at the contacts

*Diametral loading is applied in increments or at constant strain
rate to induce failure within 10 mins.

*Tensile stresses are generated normal to the cylinder axis and

loading axis and parallel to the disk diameter

* Tgr=1-10 x Direct Tensile Strength 2P
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BEAM BENDING TEST

* 3 or 4 point loading
« L:D ratio > 4, end unprepared.
* Tyg = 1 to 10 x Direct Tensile Strength

Fracture Toughness Test — modified to include slit in middle of core.
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-~ Hardened and
ground steel

spherical seats

— Clearance gap

= Mild steel cell
body

Rock specimen
\‘ Oil inlet
* Straln guages

= Rubber sealing
sheeve




HOEK CELL

3 components of strain
in the z. direction (similarly for x and y)

shortening

extension extension
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STRESS-STRAIN in 3D: ISOTROPIC ELASTICITY NUMERICAL EXAMPLE

&= % [O-zz ]' V(O'xx TO, )] Ey = % [O-,vy - V(O'xx t0oy )]

£, :%[o-xx —V(O'W +0'zz)] i~ :%[2(1+V)]=é0'

=
Where G = Shear Modulus = G = E
(1+v)
Epe I -v -v 0 0 0 (o
£, v 1 v 0 0 0 |o,
e | 1|l-v -v 1 0 0 0 |o.
y. | E[0 0 0 20+v) o0 0o |e,
V0 0 0 0 0 20+v) 0 |o,
I 0 0 0 0 0 20+v)|o.

etc

z

A cylindrical specimen of elastic isotropic rock was loaded in a triaxial cell
with a confining pressure of 4MIN/m? and an axial stress of 33MN/m?. Strain
gauges attached to the specimen indicated an axial strain of 850microstrains
with a lateral (extensile) strain of —20microstrains. Calculate the Elastic
Modulus,E, and Poisson’s ratio,v. (Imicrostrain = 10 and 1MN/m = 10° N/m)

&, :%[an—v(ayy-rau)] —20;15':%[4—1/(33 +4)]

£, = %[au Vo +a, )] 850uS =%[33—v(4 +4)]

g 4=3 33-8v

20 and E-= = Solve for v =0.128
Substituting  _33-8 _p_33-80.128) E=37.6GPa
850 850
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ROCK FAILURE CRITERION

Maximum shear stress

TRIAXIAL TEST: p-q plot

c =alcosd
sing = tana

Mean stress

Represcitative Vabies for Shear Streagih Intercept (5,) and Amgle of Internal
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ROCK SHEAR
STRENGTH
INTERCEPT.
S, and ANGLE

OF FRICTION,
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Deviator stress

CREEP BEHAVIOR
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Axial Strain

Deviator stress

Axial Strain

FATIGUE

THE FAILURE PROCESS




Unconfined Compressive Strength (gy) and Ratio of Compressive
to Indirect Tensile ngth g,/ Tel for i of Hep ive Hocks
%

Description® MPa psi /T
Berea sandstone 738 10,700 63.0
Navajo sandstone 2140 31,030 26.3
Tensleep sandstone A 10,500
Hackensack siltsione 122.7 17,800 41.5
Monticello Dam 5.5, (greywacke) 79.3 1.500
Solenhofen limestone 245.0 35.500 61.3
Bedford limestone 510 7.400 123
Tavernalle limestone 97.9 14,200 5.0
Oneota dolomite 86,9 12,600 19.7
Lockpart dolomite 90.3 13,100 9.8
Flaming Gorge shale 352 5,100 167.6 UNCONFINED
Micaceous shale 75.2 10,900 363
Dworshak Dam gneiss COMPRESSIVE
45° 1o foliation 162.0 23.500 ns
Quartz mica schist L sehistocity ss2 swm s AND TENSILE
Baraboo quartzite 320.0 46,400 .1
Taconic marble 62,0 B.990 3.0 STRENGTH
Cherokee marble 66.9 9,700 374
Mevada Test Site granite 141.1 20,500 12.1
Pikes Peak granite 226.0 19.0
Cedar City tonalite L5 159
Palisades dinbase 2410 21.1
Nevada Test Site basalt 148.0 1.3
John Day basalt 355.0 4.5
Nevada Test Site wil 1.3 10.0
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